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1 EP114 

Description 

[0001] The invention relates to an amplifier circuit for 
amplifying electric signals, comprising controllable 
switching means for generating a block wave signal 
whose amplitude varies between first and second sup- 
ply voltage values during operation, filter means for fil- 
tering said block wave signal so as to produce an output 
signal, which filter means comprise a self-inductance 
and a capacitance, means for providing a filter capaci- 
tance current proportional to the current through the fil- 
ter capacitance, modulating means for pulse width mod- 
ulation of the block wave signal by driving the switching 
means in response to an input signal to be amplified, 
and correction means for providing from a reference val- 
ue derived from the input signal and an output signal 
value proportional to the output signal a correction sig- 
nal for controlling the modulating means. 
[0002] An amplifier circuit of this kind is disclosed in 
US patent No. 5,606,289, in practice also known as a 
so-called class D amplifier. 

[0003] In a class D amplifier circuit a block wave signal 
is generated which has a frequency which is much high- 
er than the highest frequency of the input signal to be 
amplified. The pulse width ratio of this signal is modu- 
lated so that the average value of the block wave signal 
is proportional to the input signal. By applying the block 
wave signal to a low-pass filter or resonator circuit, with 
a cut-off frequency ranging between the highest signal 
frequency and the frequency of the block wave signal, 
an output signal is produced from which the switching 
frequency or block wave frequency and higher frequen- 
cies of the block wave signal have been removed. The 
output signal represents the average value of the block 
wave signal, and consequently of the input signal, which 
is amplified, however, by an amplification factor which 
is determined by the electrical characteristics of the 
modulator, the correction signal, the supply source and 
the switching means. Usually, switching transistors such 
as MOSFETs (Metallic Oxide Semiconductor Field Ef- 
fect Transistors) are used as the switching means. 
[0004] Linear amplifiers, such as class A and class AB 
amplifiers, for example, whose amplifier stage is essen- 
tially operated as a controllable series resistor, have a 
very low energetic efficiency, since a high heat dissipa- 
tion occurs in the output stage when the amplifier is not 
driven to full load. An amplifier circuit comprising a 
switched output stage, on the other hand, such as the 
amplifier circuit according to the invention, only exhibits 
a small degree of heat dissipation, since the current 
through the output stage is zero when the switching 
means are off, and the voltage across the output stage 
is practically zero when the switching means are on. 
Switching amplifiers, or class D amplifiers, have a very 
high energetic efficiency, > 90 % in practice. 
[0005] In practice a number of undesirable effects oc- 
cur in switching amplifiers, which cause interferences of 
the ideal output signal. The interferences can be subdi- 
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vided into internal errors and external errors. 
[0006] The output impedance of the amplifier is main- 
ly determined by the filter means for filtering out the 
block wave signal. This impedance is frequency de- 
5 pendent, and is for practical reasons approximately 
equal to the nominal load resistance at the end of the 
frequency band. Accordingly, interferences in the output 
signal due to external causes are hardly suppressed in 
the signal that is applied to the load. Furthermore, a load 
10 impedance-dependent frequency transfer will occur. 
[0007] Furthermore, switching transistors, for exam- 
ple, have a limited response time, which is mainly 
caused by parasitic capacitances. Transistors connect- 
ed in a so-called half-bridge circuit, wherein two switch- 
is ing transistors are arranged in series and the block wave 
signal is generated at the junction of the transistors, 
must never be "on" simultaneously, since a current path 
from the positive supply terminal to the negative supply 
terminal will be formed in that case. The current that oc- 
20 curs during such a short circuit will undoubtedly cause 
damage to the switching transistors. For this reason a 
so-called "dead time" is maintained during the switching 
of the transistors, in order to ensure that at least one of 
the transistors will be "off". Especially at small ampli- 
25 tudes this dead time causes a strong non-linearity in the 
signal transfer of a loaded amplifier circuit. 
[0008] Finally, depending on the type of modulating 
means, interferences which are present on the supply 
voltage can be transferred to the output signal. 
30 [0009] Both the output impedance caused by the out- 
put filter and the non-linearity resulting from the dead 
time and interferences on the supply voltage can be re- 
duced as much as possible with the prior art switching 
amplifier circuits, provided they are adequately de- 
35 signed, by means of the correction signal in a closed 
loop feedback to the modulating means. It has been 
found, however, that the maximum suppression that can 
be realised is not adequate due to the output filter im- 
pedance/phase shift. Moreover, the stability condition 
40 may depend on the load and the supply voltage. 

[0010] Accordingly, it is a first object of the invention 
to provide enhanced suppression of interferences in the 
output signal of a class D amplifier circuit caused by in- 
ternal and external error sources by eliminating the in- 
45 fluence of the output filter on the signal transfer charac- 
teristics of the amplifier circuit. 

[001 1] In accordance with the invention, this objective 
is accomplished by providing means for deriving a ref- 
erence current from the input signal, wherein the cor- 

50 rection means are arranged for providing the correction 
signal as a current correction signal from the reference 
current and the filter capacitance current. 
[0012] US-A-5 606 289 discloses use of filter capaci- 
tance current, but to reference current derived from the 

55 input signal. 

[0013] The invention is based on the insight that an 
adequate differential correction is necessary in order to 
effect a quick correction of interferences in the output 
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signal, to which end the invention advantageously 
makes use of the filter capacitance current, which is pro- 
portional to the derivative of the output signal voltage of 
the amplifier circuit, without the drawbacks of high-fre- 
quency noise and other interferences that occur when s 
separate differentiating means are used for providing a 
D correction signal. 

[0014] By placing the output filter within the control 
loop in accordance with the invention, the impedance of 
the output filter of an amplifier which is controlled in this 
manner will hardly result in an output impedance of the 
amplifier, if at all. A change in the load of the amplifier 
circuit will directly be detected and corrected, since the 
change in the filter capacitance current caused by said 
change in the load will immediately result in the gener- 
ation of a current correction signal. 
[001 5] In a preferred embodiment of the invention the 
object is to minimise such interferences as quickly as 
possible, preferably within one switching period of the 
switching means. To this end the means for providing 
the filter capacitance current are wideband means, that 
Is, comprising on average five times the signal band- 
width of the amplifier or higher. 

[0016] Basically, there are two possibilities for meas- 
uring the filter capacitance current. In the case of direct 
measurement, a sensor or other electric component, 
such as a resistor, is connected in series with the filter 
capacitor. In the case of indirect measurement, the cur- 
rent is provided by a capacitor which is connected in par- 
allel with the filter capacitance. The advantage of direct 
measurement is that the current through the filter capac- 
itor can be represented with maximum accuracy and 
without any appreciable phase shift. 
[0017] In a further embodiment of the invention, in or- 
der to provide a filter capacitance current which is max- 
imally proportional to the current through the filter ca- 
pacitance, the means for providing the filter capacitance 
current comprise a current transformer which is con- 
nected in series with the filter capacitance or with part 
thereof, which current transformer is built up of a core 
having a coaxial cable wound thereon, one conductor 
of which, for example the inner conductor, is connected 
in series with the filter capacitance, whilst a filter capac- 
itance current proportional to the current through the fil- 
ter capacitance is generated in the other conductor, the 
outer conductor of the coaxial cable. 
[0018] The filter capacitance current and the refer- 
ence current do not contain any information with respect 
to possible direct current (DC) components in the signal 
to be amplified. Accordingly, a preferred embodiment of 
the amplifier circuit according to the invention in the form 
of a voltage amplifier comprises a voltage correction sig- 
nal in addition to a current correction signal. 
[0019] in yet another embodiment of the amplifier cir- 
cuit according to the invention, the correction signals are 
thus processed into one control signal for the modulat- 
ing means in that the correction means comprise a first 
differential circuit for providing a first difference signal 



from the reference voltage and the output voltage signal, 
a second differential circuit for providing a second dif- 
ference signal from the reference current and the filter 
capacitance current, a Proportional (P) or Proportionally 
integrating (PI) control circuit including an input for the 
first difference signal, a control circuit including an input 
for processing the second difference signal by a factor 
(D) and a summing circuit for summing an output signal 
of the P or PI control circuit and an output signal of the 
D control circuit for controlling the modulating means. 
[0020] This embodiment enables the control system 
to respond quickly and adequately, via the current feed- 
back loop, to current variations on the output of the am- 
plifier circuit, wherein the voltage feedback ensures that 
the system will follow the desired output level in the low- 
frequency range as well. In practice it has been found 
that the filter capacitance current responds to an insuf- 
ficient degree in the low-frequency range, because the 
first order derivative is too small when signal frequen- 
cies are low, so that the voltage feedback loop must be 
designed to be operative at least in the low-frequency 
range of approximately < 500 Hz. 
[0021] In the prior art a comparator circuit is generally 
used as the modulating means, the inputs being a trian- 
gular (or saw-toothed) voltage and the signal to be am- 
plified with the possible addition of a correction signal. 
This technique is known as "sine-triangle" modulation. 
In the case of sine-triangle modulation, the modulating 
means may cause relatively very narrow pulses when 
the amplifier is driven to a high degree of output, which 
narrow pulses may be harmful to semiconductor switch- 
ing transistors. In addition to that, errors are introduced 
as a consequence of the dead time that is necessary. 
Errors of this type can be characterized as internal er- 
rors of the amplifier circuit. In addition to that, the output 
voltage of the sine-triangle modulator is proportional to 
the supply voltage being applied, which can be consid- 
ered to be an external error. 

[0022] Besides the sine-triangle modulation principle, 
also the "sigma-delta" modulation principle, which is not 
used very frequently in class D amplifiers, is suitable for 
use in an amplifier circuit according to the invention. In 
accordance with the sigma-delta modulation principle, 
the modulating means comprise a hysteresis control cir- 
cuit. In contrast to sine-triangle modulators, the switch- 
ing frequency of the switching means may vary under 
the influence of supply voltage and signal fluctuations 
with the sigma-delta modulation principle. 
[0023] In a preferred embodiment of the invention, the 
modulating means comprise a hysteresis control circuit 
which functions to make it possible to vary the switching 
frequency of the switching means, which is not possible 
with the switching amplifiers which are known from the 
prior art. Basically, the switching frequency is free when 
using the hysteresis control circuit according to the in- 
vention, and it will vary with the supply voltage and the 
output voltage and output current without any further 
control. The switching frequency must be prevented 
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from becoming too low in relation to the highest frequen- 
cy of the input signal that is permissible, because this 
will result in an undesirably large switching ripple in the 
output signal. 

[0024] In principle, interferences in the output signal 
of the amplifier circuit according to the invention are 
equalized within one, albeit extended, switching period. 
Consequently, an increased speed of response is ob- 
tained by dropping the principle of a fixed switching fre- 
quency, which makes it possible to realise a lower output 
impedance of the amplifier circuit. 
[0025] In order to have the amplifier circuit operate at 
a desired average switching frequency, another embod- 
iment of the invention has been configured with frequen- 
cy control by providing the hysteresis control circuit with 
a control input for controlling its hysteresis window in 
response. The width of the hysteresis window deter- 
mines the (average) switching frequency of the system, 
without affecting the characteristics as regards the elim- 
ination of interferences as described above, however. 
[0026] Another advantage of using a hysteresis con- 
trol circuit in the amplifier circuit according to the inven- 
tion is that the integrating means required for the sigma- 
delta modulation principle, which integrate the differ- 
ence between the output signal of the amplifier circuit 
and a desired value, are already implicitly present in the 
form of the filter inductance of the output filter, whose 
current is after all the integral of the difference between 
the block wave voltage of the switching means and the 
output voltage of the amplifier. The current through the 
fitter inductance is partially available in the filter capac- 
itor current, of course, a representation of which is ac- 
cording to the invention compared to a desired value of 
the reference current derived from the input signal and 
supplied to the hysteresis control circuit as a correction 
signal. 

[0027] The advantage of the incorporation of the inte- 
grating means with the output filter that has to be 
present, is that interferences can be quickly minimized, 
preferably, as desired, within one switching period of the 
switching means. 

[0028] Besides an embodiment in the form of a volt- 
age amplifier, it is also possible to realise an embodi- 
ment in the form of an amplifier comprising a so-called 
current output. With such a current amplifier at least two 
of the three currents, viz. the filter self-inductance cur- 
rent, the filler capacitance current and/or the output sig- 
nal current must be measured. 
[0029] One embodiment of a current amplifier accord- 
ing to the invention comprises means for providing a fil- 
ter self-inductance current proportional to the current 
through the filter self-inductance, means for providing 
an output current signal proportional to the output signal 
current, wherein the correction means comprise a first 
differential circuit for providing a first difference signal 
from the reference current and the output current signal, 
a control circuit including an input for the first difference 
signal and an input for an output voltage signal propor- 



tional to the output signal voltage, and a summing circuit 
for summing an output signal from the control circuit and 
a current value proportional to the filter self-inductance 
current for controlling the modulating means. 
5 [0030] In the embodiment in question, the filter capac- 
itance current is implicitly derived from the measure- 
ment of the filter self-inductance current and the output 
current signal. 

[0031] The principle of the amplifier circuit according 

10 to the invention can be used both with a so-called half- 
bridge circuit, wherein a supply source having a positive 
and a negative voltage value relative to a zero point is 
available, and with a so-called full bridge or H-bridge 
circuit both in the so-called (complementary mode con- 

15 trolled) "2-lever mode and in "3-level" mode. In the latter 
case an amplifier circuit built up of a first and a second 
amplifier circuit comprising a half-bridge circuit may be 
provided, wherein according to an embodiment of the 
invention the reference voltage and the reference cur- 

20 rent at the second amplifier circuit are processed in re- 
verse phase compared to the first amplifier circuit. 
[0032] In order to optimally eliminate interferences 
this amplifier circuit, which is connected as a full-bridge 
or H-bridge circuit, is according to the invention provided 

25 with a common hysteresis control circuit including a first 
and a second controllable hysteresis window for the first 
and the second amplifier circuit, wherein the hysteresis 
control circuit is controlled by means of a control signal 
comprising a differential term and a common term, 

30 wherein the differential term controls the desired phase 
difference between the first and the second amplifier cir- 
cuit and the common term controls the average switch- 
ing frequency of the first and the second amplifier circuit. 
[0033] It is important thereby that the hysteresis con- 

35 trol causes the phase of the pulses of the two bridge 
branches to be set exactly so that the double switching 
frequency is achieved on the output when the output sig- 
nal is not equal to zero. A major advantage of this so- 
called "3-level" mode is that there will be absolutely no 

40 switching ri ppl e between the two outputs of the bridge 
branches when there is no input signal. 
[0034] In circuits which are used in practice it is diffi- 
cult to prevent the block wave-like output signal of the 
switching means comprising a common component in 

45 addition to the desired differentia) component. This is 
caused, among others, by small time differences in the 
modulation signals from the switching means. By suita- 
bly distributing the self-inductance of the output filter 
over the two bridge outputs and magnetically coupling 

so the filter coils, it is possible to realise different induct- 
ances for the differential and the common (i n-phase or 
"common-mode") signal components. 
[0035] In another embodiment of the amplifier circuit 
according to the invention this has been realised in that 

55 the filter means for filtering the block wave signal of the 
full-bridge or H-bridge circuit comprise a self-inductance 
built up of an essentially 8-shaped core having a first 
and a second outer leg, each provided with a winding, 
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and a central leg, which central leg has a higher mag- 
netic resistance than the two outer legs, wherein the 
winding on the first outer leg is connected to the junction 
of the first and the second switching transistor and the 
winding on the second outer leg is connected to the junc- 
tion of the third and the fourth switching transistor, in 
such a manner that an in-phase or common mode signal 
from the bridge circuit generates a magnetic field in the 
two outer legs of the core and in that a reverse phase 
signal from the bridge circuit generates a magnetic field 
through the central leg. 

[0036] By using different capacitance values for the 
filter capacitance of the output filter, adapted to the re- 
alised inductance distribution, for the differential path 
and the common path as well, thus realising a low pass 
bandwidth for the common component in the output fil- 
ter, this component can be further effectively sup- 
pressed. 

[0037] In yet another embodiment of the invention a 
further improvement, in particular as regards the noise 
behaviour of the amplifier circuit, is achieved in that the 
differentiating means for forming the reference current 
and anti-aliasing input filter means are combined into 
one circuit on the input side, said circuit comprising a 
first differential amplifier including an input for connect- 
ing the input signal from the amplifier circuit and an out- 
put to which a low pass filter is connected, a second dif- 
ferential amplifier connected in cascade with the low 
pass filter as an integrator, which includes an output for 
supplying the reference voltage, and a third differential 
amplifier connected to the low pass filter for supplying 
the reference current. 

[0038] The amplifier circuit according to the invention 
is excellently suitable for use as the output stage in an 
audio amplifier, but it can also be used advantageously 
in a power amplifier for precise measurement and con- 
trol purposes, such as servo amplifiers having extremely 
high values for the product of power and bandwidth. 
[0039] The invention will be explained in more detail 
hereafter with reference to the appended drawings, 
which show a preferred embodiment of the invention. 
[0040] Figure 1 is a block diagram wherein the main 
components of a typical class D amplifier are shown. 
[0041] Figure 2 is a block diagram wherein the ampli- 
fier circuit according to the invention is shown in its most 
general form. 

[0042] Figure 3 is a block diagram which shows in 
more detail a first embodiment of the amplifier circuit ac- 
cording to the invention, which is configured as a so- 
called half-bridge circuit. 

[0043] Figure 4 is a block diagram of a second em- 
bodiment of the amplifier circuit according to the inven- 
tion, which is configured as a so-called full-bridge or H- 
bridge circuit. 

[0044] Figures 5-8 graphically show signal wave- 
forms which are illustrative of the operation of the am- 
plifier circuit according to the invention having the con- 
figuration as shown in Figure 3 or 4. 



[0045] Figure 9 shows a current transformer for use 
in the amplifier circuit according to the invention. 
[0046] Figure 10 is a block diagram which shows a 
preferred embodiment of the amplifier circuit according 
5 to the invention, which is configured as a so-called cur- 
rent amplifier. 

[0047] Figure 11 is a block diagram which shows a 
preferred embodiment of a passive output filter for use 
in a full-bridge or H-bridge circuit according to the inven- 
10 tion. 

[0048] Figure 12 shows an implementation of the filter 
coil for the output filter of Figure 11 . 
[0049] Figure 13 is a block diagram which shows a 
preferred embodiment of a combined input filter/refer- 

15 ence current providing means for use in the amplifier 
circuit according to the invention. 
[0050] Elements or components which are indicated 
by the same numerals throughout the various embodi- 
ments have an identical or equivalent function. 

20 [0051] Figure 1 shows in a general block diagram the 
principle of a switching amplifier or class D amplifier 1. 
Amplifier 1 comprises a switching stage 2 consisting of 
controllable switching means, such as switching transis- 
tors. Generally, so-called MOSFETs (Metallic Oxide 

25 Semiconductor Field Effect Transistors) are used for this 
purpose. Two switching transistors are connected in se- 
ries in a so-called half-bridge circuit between a first (pos- 
itive) supply voltage value +V B and a second (negative) 
supply voltage value -V B . The switched signal is taken 

30 from the junction of the two transistors. When no positive 
or negative supply voltage values are available, a so- 
called full-bridge of H-bridge circuit can be used, where- 
in two half-bridge circuits are connected in parallel be- 
tween a first (positive) supply voltage value +V B and a 

35 second (zero) supply voltage value. The switched signal 
will be taken between the junctions of the two bridge 
branches in that case. Another possibility is the so- 
called H-bridge circuit comprising two complementary 
mode controlled branches. As regards waveforms and 

40 functionality, this circuit produces a result which is com- 
parable to that of the half-bridge circuit, with this H- 
bridge circuit, however, half the supply voltage will be 
sufficient. 

[0052] The switching means 2 are controlled by mod- 
45 ulating means 3. The modulating means 3 usually com- 
prise a comparator circuit having two stable (binary) out- 
put states. An oscillator signal, which is generally trian- 
gular or sawtoothed, is applied to a first input of the com- 
parator circuit in that case, and the input signal to be 
50 amplified is applied to a second input. The binary output 
state of the comparator circuit indicates whether the in- 
put signal to be amplified is larger or smaller than the 
oscillator signal. 

[0053] Consequently, the output signal from the mod- 
55 ulating means 3 is a pulse wave shaped control signal 
7, whose pulse width ratio is modulated by the input sig- 
nal 6 in such a manner that the average value of the 
pulse wave shaped signal 7 is proportional to the input 
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signal 6. This modulation principle is known as so-called 
"sine-triangle" modulation. 

[0054] When the switching means 2 are driven by 
means of the control signal 7, a block wave signal 8 
ranging between the first and the second supply voltage 
values is produced. By means of output filter means 9, 
generally a passive low pass filter consisting of a self 
inductance 16 and a capacitance 17, an output signal 
10 is eventually obtained which is equal with the input 
signal 6, amplified by a total amplification factor G, how- 
ever. The output filter means 9 (also called resonating 
means) provide for the removal of the switching or block 
wave frequency and higher frequencies from the 
switched block wave signal 8 of the switching means 2. 
[0055] Theoretically, sampling of the input signal 6 is 
carried out by the modulating means 3 at a frequency 
determined by the oscillator signal from the modulating 
means 3. As already known, this leads to aliasing when 
the sampling frequency is lower than twice the highest 
frequency in the sampled signal. In order to prevent un- 
desirable distortions in the output signal 10 resulting 
from the aliasing effect as much as possible, the input 
signal 6 is generally applied to a so-called anti-aliasing 
input filter 5 first, which limits the input signal 6 applied 
to the control means 4 as regards its frequency so that 
no aliasing will occur in the output signal of the modu- 
lating means 3. 

[0056] Besides sine-triangle modulation, also the so- 
called "sigma-delta" modulation principle is used. Ac- 
cording to the sigma-delta modulation principle, the 
modulating means comprise a hysteresis control circuit. 
Furthermore an integrating component is required, 
which integrates the difference between the output volt- 
age of the switching means and a desired value. This 
integrated signal is in turn applied to an input of the hys- 
teresis control circuit. 

[0057] As already mentioned in the introduction, the 
two switching transistors of a bridge branch must not be 
"on" at the same time, as this would result in a short- 
circuit path for the supply voltage. The time required for 
switching one transistor of a bridge branch "off' and sub- 
sequently switching the other transistor "on" is called the 
dead time. This dead time results in non-linearities in 
the transfer function of the amplifier circuit 1 . 
[0058] In the case of sine-triangle modulation, the 
modulating means may cause very narrow pulses when 
the amplifier is driven to a high degree of output, which 
narrow pulses may be harmful to the switching transis- 
tors. Furthermore, the output voltage of the sine-triangle 
modulator varies proportionally to the supply voltage be- 
ing applied. 

[0059] The sigma-delta modulator distinguishes itself 
from the sine-triangle modulator by a smaller dead time 
error, the virtual absence of supply voltage dependency 
in the output signal and an excellent "clip" behaviour, 
that is, no narrow pulses. In contrast to sine-triangle 
modulators, the switching frequency of the switching 
means can vary under the influence of supply voltage 



and signal fluctuations, provided no additional frequen- 
cy-stabilizing measures are taken. It should be noted 
thereby that the switching frequency does not influence 
the linearity of the amplifier, but only the ampl i tude of 

5 the ri ppl e voltage on the output. 

[0060] The output impedance of a class D amplifier is 
mainly determined by the output filter means 9 for filter- 
ing out the block wave signal. This impedance is fre- 
quency-dependent, and for practical reasons it is ap- 

10 proximately equal to the nominal toad resistance at the 
end of the frequency band of the amplifier circuit. As a 
result of this, a load impedance-dependent frequency 
transfer is obtained, wherein for example the turning on 
and off of a load connected to the amplifier circuit will 

15 also lead to variations in the output signal 10. 

[0061] In order to equalize disturbances in the output 
signal 10 caused by supply voltage variations, load var- 
iations and the necessary dead time in the switching 
means, control means 4 are provided. These control 

20 means produce a control signal, which is applied to the 
modulating means 3 for varying the switching moment 
of the switching means 2. The control signal from the 
control means 4 is provided from the input signal 6 and 
the output signal 10. Dead time problems and distur- 

25 bances caused by supply voltage variations can effec- 
tively be suppressed by means of adequately adjusted 
control means 4. 

[0062] Since the output filter means 9 exhibit a strong 
phase shift over the output frequency range of the am- 

30 plifier circuit, it is not possible in practice, however, to 
design control means 4 wherein for example only the 
output voltage of the amplifier circuit is the correction 
signal by means of which an adequate suppression (that 
is, a low output impedance) can be realised at the higher 

35 frequencies. 

[0063] Figure 2 shows in a general block diagram the 
principle of an amplifier circuit according to the invention 
in its most extensive form, which comprises control 
means 12 for controlling the modulating means 3 on the 

40 basis of both a voltage correction signal and a current 
correction signal. 

[0064] The voltage correction signal is formed in a first 
differential circuit 14 from a reference voltage U ref and 
an output voltage which is proportional to output signal 

45 1 0. The reference voltage U ref is formed from the input 
signal 6 after Altering by the anti-aliasing input filter 5. 
[0065] The current correction signal is formed in a 
second differential circuit 1 5 from a reference current i ref 
and a filter capacitance current 18 proportional to the 

50 current through the filter capacitance 17 of the output 
filter means 9. The reference current i ref is formed by 
means of a reference current providing circuit 13 from 
the input signal 6 filtered by the anti-aliasing input filter 
5. In this embodiment the reference current providing 

55 circuit 13 comprises differentiating means. 

[0066] As is shown in the block diagram of figure 2, 
besides the filtered input signal, the reference vol tage 
Uref, * he reference current i ref , the voltage correction sig- 
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nal and the current correction signal, also a signal pro- 
portional to supply voltage V B is applied to the control 
circuit 1 2 for equalizing interferences in the output signal 
10 caused by supply voltage variations. 
[0067] Since the current through filter capacitance 17 5 
of the output filter means 9 is proportional to the differ- 
ential of the voltage of the output signal 10, and refer- 
ence current i ref is proportional to the differential of the 
voltage of the input signal 6, the differential circuit 14 
supplies a current correction signal by means of which 
an adequate differentia! correction of (quick) disturbanc- 
es in the output signal 10 can be effected. This results 
in an amplifier circuit having a high control stability, 
wherein changes in the load on the amplifier circuit are 
directly detected and corrected, so that the influence of 
the output filter means 9 on the output impedance of the 
amplifier circuit is hardly noticeable any more, which 
output impedance is only in the order of a few m Q any 
more in a practical realisation of the amplifier circuit. 
[0068] Figure 3 shows in more detail in the form of a 
block diagram a first embodiment of an amplifier circuit 
20 according to the invention, which comprises switch- 
ing means 21 in the form of a half-bridge circuit, as is 
schematically shown by means of switches 28, 29. In 
practice the switches 28, 29 consist of switching tran- 
sistors, such as MOSFET-type transistors. 
[0069] The switching means 21 are controlled by 
modulating means 22, in this embodiment in the form of 
a Schmitt trigger circuit with variable hysteresis. 
[0070] The output filter means 23 for filtering the block 
wave signal U b of the switching means 21 are in the form 
of a passive low pass filter comprising a self inductance 
or coil 24, one end of which is connected to switching 
means 21 for applying the block wave signal thereto, 
and the other end of which is connected to an output 
terminal 26 of the amplifier circuit 20. A filter capacitance 
in the form of a capacitor 25 is present between output 
terminal 26 and signal earth 19. In practice the filter ca- 
pacity can be made up of several capacitors 25 which 
are connected in parallel. 

[0071] From output terminal 26, part of the output sig- 
nal voltage U 0 is returned to a first input of a first differ- 
ential circuit 14 via attenuating means 27 having an (ad- 
justable) attenuation factor K. A reference voltage U ref , 
which has been derived via filter means 34 from the in- 
put signal U jn applied to an input terminal 30 and low- 
pass filtered via anti-aliasing input filter means 36, is ap- 
plied to a second input of the differential circuit 14. 
[0072] The first differential circuit 14 produces from 
the signals being applied a first differential signal in the 
form of a voltage correction signal for the forming by 
control or correction means 31 of a control signal for the 
modulating means 22, which produce a signal U m for 
controlling the switching means 21. 
[0073] In accordance with the invention, a filter capac- 
itance current proportional to the current i c through the 
filter capacitance or capacitor 25 is measured, to which 
end the primary winding of a current transformer 32 is 



connected in series with the filter capacitor 25. The sig- 
nal produced in the secondary winding of the current 
transformer 32 is applied to a first input of a second dif- 
ferential circuit 15 via wideband low pass filter means 
43 and attenuating means 33 having an (adjustable) at- 
tenuation factor A. A reference current i ref derived from 
the input signal U in with the aid of differentiating means 
35 is applied to a second input of the differential circuit 
15. The second differential circuit 15 produces a current 
correction signal from the difference between the refer- 
ence current i ref and the (attenuated) measured filter ca- 
pacitance current l c , which is the first order derivative 
from the output signal voltage U 0 . The current correction 
signal is likewise applied to correction means 31 for con- 
trolling the modulating means 22. 
[0074] In the embodiment which is shown in Figure 3, 
the correction means 31 are in the form of a so-called 
PID (Proportionally Integrating Differentiating) control- 
ler, comprising a Proportionally Integrating (PI) control 
circuit 37, to which the voltage correction signal from the 
first differential circuit 14 is applied, after low pass filter- 
ing by filter means 40 and a control circuit 38, if desired, 
to which the difference between the differentiated input 
signal U tn (the reference current i ref ) and the differenti- 
ated output signal U 0 (the measured filter capacitance 
current), in this case the current correction signal from 
the second differential circuit 15, is applied. In this em- 
bodiment the control circuit 38 provides only a propor- 
tional factor D to the difference between the derivatives 
of the signal voltages. The output signals from the PI 
control circuit 37 and the D control circuit 38 are 
summed by a summing circuit 39, and the summing sig- 
nal is applied to the modulating means 22 as an input 
signal. 

[0075] it is noted that instead of using a PID control 
circuit, it is possible in the simplest embodiment of the 
correction means 31 to use only a so-called proportional 
(P) control circuit. Because of their more optimal control 
characteristics, however, it is preferred to use a PI con- 
trol circuit, and in particular a PID control circuit. 
[0076] A hysteresis control circuit 41 is provided for 
varying the hysteresis window of the modulating means 
22 (Schmitt trigger circuit), to an input 42 of which inter 
alia the reference signal U ref , the supply voltage V B or 
a signal obtained on the basis of the measured switching 
frequency for the switching means 21 is applied. 
[0077] In a preferred embodiment of the invention, al- 
so representations of the block wave signal U b from the 
switching means 21 and the output signal U m from the 
modulating means 22 are applied to the hysteresis con- 
trol circuit 41 for varying the hysteresis window of the 
modulating means 22, as is schematically indicated by 
means of broken arrows. 

[0078] A second embodiment of the amplifier circuit 
according to the invention in the form of a so-called full- 
bridge or H-bridge is shown in Figure 4, wherein the am- 
plifier circuit is indicated as a whole by reference numer- 
al 50. 
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[0079] Amplifier circuit 50 comprises two sets of 
switching means 51, 52, which are configured in the 
same manner as the switching means 21 as described 
above with reference to Figure 3. 
[0080] A voltage correction signal and a current cor- 
rection signal are derived for each of the switching 
means 51, 52 for controlling, via respective correction 
means 31 , the modulating means 22 for each of the half- 
bridge branches. Both bridge branches 51, 52 in the 
block diagram of Figure 4 process the entire input signal, 
albeit with opposite polarity. 

[0081] The amplifier circuit is set so that the signals 
from the two bridge branches will compensate each oth- 
er in the case of an input signal which equals zero, and 
that there will be no switching ripple in the output signal. 
In the case of an input signal which does not equal zero, 
the switching phase of the two bridge branches will be 
controlled such that there will be no difference in pulse 
width. 

[0082] A common hysteresis control circuit 53 is pro- 
vided for the two modulating means 22, which control 
circuit comprises inputs for the reference signal U ref and 
the two current correction signals via the D control circuit 
38 of the respective correction means 31, and an input 
42, if desired, for controlling the hysteresis window of 
the modulating means 22 in dependence on the supply 
voltage and/or the measured switching frequency, etc., 
as described with reference to Figure 3. 
[0083] In the illustrated embodiment the output filter 
means 54 comprise two coils 24, two filter capacitors 25 
connected in series with a current transformer 32, and 
a further filter capacitor 55, connected as shown in Fig- 
ure 3, for low-pass filtering of the block wave signals 
U b51 and U b52 from the switching means 51 and 52, re- 
spectively. 

[0084] The half output signal U 0 , indicated U* , is tak- 
en from output terminal 56, whilst the inverted naif out- 
put signal U 0 , respectively indicated IT, is available at 
output terminal 57. 1 
[0085] The operation of the circuits according to the 
invention will now be illustrated by means of the signal 
waveforms as shown in Figures 5-8. 
[0086] During desired operation the following applies: 
U 0 = U ref . From this it follows for the current i c through 
the filter capacitor 25 having capacitance C: 



L = C 



dUo 
dt 



dU 



ref 



dt 



[0087] The current through the filter capacitor 25 is 
measured with a high bandwidth, typically in the order 
of five times the signal bandwidth of the amplifier circuit 
or higher, and preferably 2 MHz or higher. 
[0088] The anti-aliasing input filter 36, which is for ex- 
ample a low pass filter having a bandwidth of 20 kHz 
when the amplifier circuit is used as an audio amplifier, 
reduces the bandwidth of the input signal U in to the op- 



erational bandwidth of the amplifier 20 and 50, respec- 
tively. Figure 5a shows a graphic representation of the 
course in time t of the output signal U 0 and the block 
wave signal U b = U b51 - U b62 produced by the bridge 

s circuits 21 and 51 , respectively. The output signal U 0 in 
question is derived from a symmetric triangular input 
signal U, n having a frequency of 5 kHz. The figure clearly 
shows that the waveform of the output signal U 0 is 
rounded as a result of the operation of the input filter 36, 

10 which rounds off sharp extreme values in the input sig- 
nal U ln . 

[0089] Figure 5b shows the block wave signal U b51 
del ivered by the bridge circuit 51 in Figure 4, and Figure 
5c shows the block wave signal U b52 produced by the 
15 bridge circuit 52 in Figure 4 in response to the triangular 
input voltage U !p . In Figure 4 the following applies for 
this example: U B - 50 V. 

[0090] In the case of an approximately triangular input 
voltage U, n , the current i ref derived therefrom is roughly 

20 the derivative of a triangle, that is, a block wave with 
filtered edges as shown in Figure 6. In addition to the 
scaled current l rei /A, also the current i c through the filter 
capacitor 25 is indicated in this figure. The ripple in the 
current l c is caused by switching. 

25 [0091] The difference between the reference current 
i ref and the filter capacity current A.l c is applied to the D 
control circuit 38 of the correction means 31 and forms 
an input signal of the hysteresis control circuit 53 of the 
modulating means 22. By controlling the hysteresis win- 

30 dow of the modulating means 22 of the hysteresis con- 
trol circuit 41 and 53, respectively, in dependence of for 
example the reference voltage U ref , it is achieved that 
on average the effective switching frequency of the am- 
plifier circuit remains practically constant, which is clear- 

35 |y shown in Figure 6, because the cycle time between 
the flanks of l c remains substantially constant. 
[0092] The reason for this is as follows. Since the volt- 
age across the filter coil 24 becomes smaller in the case 
of a high degree output and positive values for U b , the 

40 derivative di/dt of the coil current I, will decrease, whilst 
di/dt will become more negative in the case of a negative 
value for U b . Accordingly, the time which is required for 
moving forwards and backwards between the two hys- 
teresis limits will increase. When the hysteresis window 

45 remains constant, this will result in a frequency de- 
crease. 

[0093] It is noted that the switching frequency in the 
circuit according to the invention may vary in order to 
equalize interferences as quickly as possible (within one 
so switching period), as will be explained in more detail 
hereafter. 

[0094] Let us now consider the case in which the out- 
put load 44 of the amplifier circuit exhibits a step. 
[0095] Figure 7a shows a stepped increase in the cur- 
es rent i 0 at a point in time t = 0.5 x lO"^, which continues 
until the point in time t = 2.5 x 1f> 5 s. 
[0096] The higher current i 0 will be supplied directly 
from the output filter capacitor 25, as is clearly illustrated 
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in Figure 7b, whereby current l c exhibits a step upon 
turning on and off of current i D . The current i L through 
the coil will follow more slowly, of course, as is shown 
in Figure 7a. The ripple on current l L and i c is the switch- 
ing ripple of the amplifier circuit in connection with the 
switching of the switching means 21 and 61 r 52, respec- 
tively. 

[0097] Figure 7 shows that directly after the step in l c 
the pulse width of the block wave signal U b produced by 
the switching means is adapted via the correction 
means 31 , that is, made longer so as to increase the 
current i L through the coil as quickly as possible. Or to 
decrease the current through the coil as quickly as pos- 
sible, to zero in the example in question, upon switching 
offofi Q . 

[0098] Figure 7 clearly shows that the output voltage 
U 0 across the filter capacitor remains practically con- 
stant, whilst the distortions caused by the change in the 
load is in accordance with the invention removed within 
one switching period, because the switching frequency 
in the amplifier circuit according to the invention may 
vary, in contrast to the prior art wherein the switching 
frequency is maintained at a constant level by an oscil- 
lator present in the modulating means. An increased 
speed of response is obtained by dropping the principle 
of a fixed switching frequency, which makes it possible 
to realise a lower output impedance. 
[0099] In Figure 8 the operation of the modulator is 
shown more clearly yet. Figure 8a shows the two control 
signals U h51 and U h52 for the hysteresis windows of the 
modulators 22 of the switching means 51 and 52, re- 
spectively (see Figure 4). In the amplifier circuit which 
is shown in Figure 4 the hysteresis windows for the mod- 
ulating means 22 are controlled between the limits +0.5 
and -0.5. The hysteresis control consists of a differential 
term and a common term. The differential term controls 
the desired phase difference between the two bridge 
branches 51, 52. The differential term functions to sta- 
bilise the average switching frequency, it is identical (in 
phase) for both branches 51, 52. The two terms operate 
entirely independently of each other, they can also op- 
erate autonomously. 

[0100] When the modulation depth is large, the output 
voltage U Q does not range centrally between the positive 
and the negative bridge voltage V b T Because of this, the 
voltage across the coil 24 of the output filter 23 and/or 
54 will be asymmetrical, as a result of which the rising 
and falling edges of the capacitor current l c will begin to 
differ from each other. The upper bridge branch com- 
prising the switching means 51 in Figure 4 receives the 
reference voltage U ref , whilst the lower bridge branch 
comprising the switching means 52 receives -U ref as the 
reference voltage. Because of this, the capacitor cur- 
rents i C51 and i C52 of the bridge branches 51 and 52, 
respectively, will exhibit opposite asymmetry, as is clear- 
ly shown on a larger scale in Figure 8b. Also refer to 
Figure 5a. 

[0101] Figure 8c shows the situation when U ref = 0, 



wherein it applies that the ripples in the capacitor cur- 
rents of the two bridge branches are the same. 
[01 02] Figure 8d shows the capacitor currents at the 
lowermost point of the reference voltage U ref refer also 

5 to Figure 5a. 

[01 03] The amplifier circuit according to the invention 
does not comprise a separate oscillator signal or oscil- 
lating means according to the prior art. The switching 
frequency adjusts itself on the basis of the current l c 

*o through the filter capacitance and the modulation of the 
hysteresis window, as explained above. As a result of 
this modulation, an average constant switching frequen- 
cy is obtained, it is noted, however, that this is not a re- 
quirement for the operation of the window circuit. 

15 [0104] It is noted that the values which are shown in 
the figures are merely illustrative values. 
[0105] From the foregoing it will be understood that 
an effective and quick correction for load variations is 
provided by producing a current correction signal from 

20 the current through the filter capacitor, wherein the mod- 
ulation of the hysteresis window of the modulating 
means prevents narrow pulses being applied to the 
switching means, which narrow pulses may cause dam- 
age to the switching means, in particular in the case of 

25 semiconductor switching means. 

[0106] The provision of a filter capacitance current 
proportional to the filter capacitor of the output filter 
forms an important aspect of the present invention. Al- 
though an indirect measurement with a parallel capaci- 

30 tor and a series resistor is within the bounds of the pos- 
sible, the invention also provides an RF current trans- 
former, which can be directly connected in series with 
the filter capacitor 25. Such direct measurement will pro- 
vide a more accurate representation of the filter capac- 

35 itance current than an indirect measurement, of course. 
[01 07] Figure 9 is a sectional view of a preferred em- 
bodiment of the current transformer 32, wherein a co- 
axial cable 61 is wound round a toroidal core 64 of a 
material having high magnetic permeability. The coaxial 

40 cable 61 includes an inner conductor 62 and an outer 
conductor 63. Inner conductor 62 is preferably connect- 
ed in series with the filter capacitor, whilst a current pro- 
portional to the filter capacitor current is generated in 
the coaxial outer conductor (screen) 63 with its relatively 

45 low ohmic resistance in comparison to the inner conduc- 
tor. These connections can also be exchanged, of 
course. 

[01 08] When the current transformer 32 is accurately 
configured, capacitor current variations in the order of 2 
so MHz or higher can be measured and processed. 

[01 09] It is also possible to use cores other than toroi- 
dal cores 61 , of course, such as an EE core (not shown), 
for example. 

[0110] It has been found that in particular in the fre- 
es quency range between 0 - 500 Hz variations in the filter 
capacitance are not so easy to detect. Accordingly, the 
voltage correction signal has to be optimally adjusted 
for variations in load 44 in this frequency range. 
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[0111] Although the invention has been illustrated by 
means of preferred embodiments for an audio voltage 
amplifier, it can also be used in switching amplifiers or 
class D amplifiers for instrumentation and/or measure- 
ment and control purposes, such as servo amplifiers or 
power amplifiers having extremely high values for the 
product of power and bandwidth. Besides a voltage am- 
plifier circuit, also a power amplifier circuit can be real- 
ised with the principle according to the invention. One 
possible embodiment is shown in Figure 10. For a power 
amplifier 60, at least two of three currents, viz. the filter 
coil current i L , the filter capacitance current l c or the out- 
put current i Q must be measured. The most practical 
thing to do is to measure the current through coil i L and 
the output current i 0 , as indicated by numerals 58 and 
59, respectively. The current measuring means 58 and 
59 may for example be configured as described above 
by means of the measurement of the filter capacitor cur- 
rent l c . From the measured values of i L and i 0 follows a 
value proportional to filter capacitance current l c . 
[0112] In this embodiment the switching ripple is re- 
moved from the current i L through the coil 24 by means 
of a high pass filter 65, whose pass bandwidth is higher 
than the signal bandwidth. The measured output current 
i Q is deducted from the reference value i^f which is 
formed from the input current i in . The difference current 
is processed by control circuit 66 into a correction on the 
input signal of the modulating means 22. In order to have 
the system function in a controlled manner for all possi- 
ble loads, among which inductive loads, additional feed- 
back of the output voltage U c , in this case the voltage 
across the filter capacitor 25, is required, as is shown in 
the drawing by means of feedback to control circuit 66. 
[01 13] Although this is not shown in the figures, a per- 
son skilled in the art can absolutely use the invention 
with the so-called H-bridge circuit with complementary 
mode controlled bridge branches, which circuit is also 
comprised by the claims. 

[0114] Figure 1 1 schematically shows a preferred em- 
bodiment of a passive output filter for use with a full- 
bridge or H-bridge circuit, as for example shown in Fig- 
ure 4. The passive output filter 70 comprises a filter in- 
ductance 71 and a filter capacitance 80. 
[0115] The filter inductance 71 comprises a first ca- 
pacitor 81 connected between the terminals 74, 77 of 
filter coils 72 and 75, respectively, which capacitor will 
in practice consist of several capacitors which are con- 
nected in parallel. 

[01 1 6] Filter capacitance 80 furthermore comprises a 
second capacitor connected between the terminal 74 of 
the first filter coil 72 and signal earth 19, and a third ca- 
pacitor 83 connected between the terminal 77 of the 
second filter coil 75 and signal earth 19. Furthermore a 
series circuit 84 comprising a capacitor and a resistor is 
connected in parallel to capacitors 82 and 83. Two se- 
ries-connected series circuits 84, jointly indicated by nu- 
meral 85, are connected in parallel to capacitor 81 . Said 
series circuit 85 forms a current measuring branch for 



measuring therein a current proportional to the current 
through capacitor 81 . Series circuits 84 function to com- 
pensate and damp in-phase or "common-mode" signals 
at terminals 73 and 76 of the first filter coil 72 and the 

5 second filter coil 75, respectively. Filter coils 72 and 75 
are furthermore magnetically coupled in such a manner 
that common-mode signals on the terminals 73, 75 are 
attenuated. Refer to Figure 12 in this connection. 
[0117] The magnetic coupling 78 between the filter 

10 coils 72, 75 is made up of an essentially 8-shaped core 
90 having a first outer leg 91 , a second outer leg 92 and 
a central leg 93. First outer leg 91 has the first filter coil 
72 wound thereon, and second outer leg 92 has the sec- 
ond filter coil 75 wound thereon, as is shown in the fig- 

15 ure. The magnetic resistance of the central leg 93 is 
greater than that of the two outer legs 91 , 92, for exam- 
ple as a result of the presence of an air gap 94 formed 
in the central leg. The core 90 can advantageously be 
formed of ferrite. 

20 [01 1 8] The filter coils 72 and 75 are wound in such a 
manner that an in-phase or common mode signal at the 
terminals 73, 76 will produce a magnetic field in the core 
90, which extends via the outer legs 91 , 92 and the con- 
necting pieces therebetween. Because of this arrange- 
rs ment, the filter coil 70 has a very low inductance for com- 
mon-mode signals on the terminals 73, 76. Reverse 
phase or differential signals on the terminals 73, 76, 
however, produce a magnetic field extending through 
the central leg 93 which has a relatively high magnetic 

30 resistance, so that the fitter coil 70 indeed represents a 
high inductance for reverse phase signals and effects, 
together with filter capacitance 80, adequate filtering of 
the output signal produced by the amplifier. 
[01 1 9] Figure 1 3 shows a block diagram of a preferred 

35 embodiment of a combined circuit of the anti-aliasing in- 
put filter 36 and the filters 34, 35 as shown in Figure 3 
and Figure 4. 

[01 20] The combined circuit 1 00 comprises a first dif- 
ferential amplifier 1 01 , to which the input signal from the 

40 amplifier circuit is applied. Connected between the out- 
put of differential amplifier 101 and signal earth 19 is a 
resistive/capacitive R1/C1 low pass filter 102. 
[0121] Connected to low pass filter 102 is a second, 
integrator-connected differential amplifier 103, which in- 

^5 eludes resistors R2, R3 and a capacitance C2, as shown 
in Figure 13. 

[0122] The first differential amplifier 101 with the low 
pass filter 102 and the integrator-connected second dif- 
ferential amplifier 103 together form a second order low 
50 pass filter, wherein the reference voltage U ref is gener- 
ated at the output of the second differential amplifier 
103. 

[01 23] A third differential amplifier 1 04 including an at- 
tenuation defined by resistors R4 and R5 is connected 
55 to the first low pass filter 102, and provides at its output 
an output signal proportional to the voltage across the 
capacitance C1 of the low pass filter 102, that is, the 
differential of the input signal as reference current i ref . 
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[0124] This combined reference voltage/reference 
current circuit possesses more favourable noise char- 
acteristics than for example a combination of separate 
filters 34, 35, 36. 

[0125] As already indicated in the foregoing, the am- 
plifier circuit according to the invention has a very low 
output impedance. In a simple first embodiment of an 
audio amplifier circuit according to the invention, the 
measured output impedance was less than 0.002 Q. at 
a frequency of 0 - 1 kHz, 0.0034 n at a frequency of 10 
kHz and 0.017 Q at a frequency of 20 kHz. A person 
skilled in the art will understand that such output imped- 
ances have not been realised with the so-called class D 
amplifier circuits that are known from the prior art. 



Claims 

1. An amplifier circuit for amplifying electric signals, 
comprising controllable switching means for gener- 
ating a block wave signal whose amplitude varies 
between first and second supply voltage values dur- 
ing operation, filter means for filtering said block 
wave signal so as to produce an output signal, said 
filter means comprise a self-inductance and a ca- 
pacitance, means for providing a filter capacitance 
current proportional to the current through the filter 
capacitance, modulating means for pulse width 
modulation of the block wave signal by driving the 
switching means in response to an input signal to 
be amplified, and correction means for providing 
from a reference value derived from said input sig- 
nal and an output signal value proportional to the 
output signal a correction signal for controlling said 
modulating means, characterized by means for 
deriving a reference current from the input signal, 
wherein the correction means are arranged for pro- 
viding the correction signal as a current correction 
signal from the reference current and the filter ca- 
pacitance current. 

2. An amplifier circuit according to claim 1 , character- 
ized in that the means for providing the filter ca- 
pacitance current are configured to comprise a 
bandwidth in the order of five times the signal band- 
width of the amplifier circuit, or higher. 

3. An amplifier circuit according to claim 2, character- 
ized in that the means for providing the filter ca- 
pacitance current comprise a bandwidth in the order 
of 2 MHz or higher. 

4. An amplifier circuit according to one or more of the 
preceding claims, characterized in that the means 
for providing the reference current comprise differ- 
entiating means. 

5. An amplifier circuit according to one or more of the 



preceding claims, characterized in that the means 
for providing the filter capacitance current comprise 
a current transformer which is connected in series 
with the filter capacitance or with part thereof. 

J? 

6. An amplifier circuit according to claim 5, character- 
ized in that said current transformer is built up of a 
core having a coaxial cable wound thereon, one 
conductor of which is connected in series with the 
10 filter capacitance, whilst a filter capacitance current 
proportional to the current through the filter capac- 
itance during operation is generated in another con- 
ductor of said coaxial cable. 

15 7. An amplifier circuit according to claim 6, character- 
ized in that said coaxial cable includes an inner 
conductor and an outer conductor surrounding said 
inner conductor, wherein the inner conductor is con- 
nected in series with the filter capacitance or with 

20 part thereof. 

8. An amplifier circuit according to claim 5, 6 or 7, 
characterized in that said core is toroidal. 

25 9. An amplifier circuit according to one or more of the 
preceding claims, characterized in that said cor- 
rection means are furthermore arranged for provid- 
ing, from a reference voltage derived from the input 
signal voltage and an output voltage signal propor- 

30 tional to the output signal voltage, the correction sig- 
nal as a current and voltage correction signal for 
controlling the modulating means. 

1 0. An amplifier circuit according to claim 9, character- 
's ized in that said correction means comprise a first 

differential circuit for providing a first difference sig- 
nal from the reference voltage and the output volt- 
age signal, a second differential circuit for providing 
a second difference signal from the reference cur- 

40 rent and the filter capacitance current, a Proportion- 
al (P) or Proportionally Integrating (PI) control circuit 
including an input for the first difference signal, a 
control circuit including an input for processing the 
second difference signal by a factor (D) and a sum- 

45 ming circuit for summing an output signal of the P 
or PI control circuit and an output signal of the D 
control circuit for controlling the modulating means. 

11. An amplifier circuit according to one or more of the 
50 claims 1, 2 or 3, characterized by means for pro- 
viding a filter self-inductance current proportional to 
the current through the filter self-inductance, means 
for providing an output current signal proportional 
to the output signal current, wherein the correction 

55 means comprise a first differential circuit for provid- 
ing a first difference signal from the reference cur- 
rent and the output current signal, a control circuit 
including an input for the first difference signal and 
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an input for an output voltage signal proportional to 
the output signal voltage, and a summing circuit for 
summing an output signal of the control circuit and 
a current value proportional to the filter self-induct- 
ance current for controlling the modulating means. 

12. An amplifier circuit according to one or more of the 
preceding claims, characterized in that said mod- 
ulating means comprises a hysteresis control cir- 
cuit. 

13. An amplifier circuit according to claim 12, charac- 
terized in that said hysteresis control circuit in- 
cludes a controllable hysteresis window comprising 
a control input for controlling the hysteresis window. 



18. An amplifier circuit according to claim 17, wherein 
the first half-bridge circuit is connected to a first am- 
plifier circuit and the second half-bridge circuit is 
connected to a second amplifier circuit according to 

5 one or more of the claims 1-15, characterized in 
that the reference current and, if applicable, the ref- 
erence voltage are applied to the second amplifier 
circuit in reverse phase compared to the first ampli- 
fier circuit. 

10 

1 9. An amplifier circuit according to claim 1 8 in depend- 
ence on claim 13, characterized in that a common 
hysteresis control circuit comprising a first and a 
second hysteresis window is provided for the first 

15 and the second amplifier circuit. 



14. An amplifier circuit according to one or more of the 
preceding claims, characterized by an input filter 
for limiting the bandwidth of the input signal for de- 
riving therefrom the reference current and, if appli- 
cable, the reference voltage. 

15. An amplifier circuit according to claim 14, in de- 
pendence on claim 4, characterized in that the dif- 
ferentiating means and the filter means are com- 
bined into one circuit comprising a first differential 
amplifier including an input for connecting the input 
signal of the amplifier circuit and an output to which 
a low pass filter is connected, a second differential 
amplifier connected in cascade with the low pass 
filter as an integrator, which includes an output for 
supplying the reference voltage, and a third differ- 
entia! amplifier connected to the low pass filter for 
providing the reference current. 

16. An amplifier circuit according to one or more of the 
preceding claims, characterized in that the con- 
trollable switching means comprise a series circuit 
of a first and a second switching transistor in the 
form of a so-called half-bridge circuit, wherein the 
output signal of the bridge circuit is generated at the 
junction of the first and the second switching tran- 
sistor. 

17. An amplifier circuit according to one or more of the 
claims 1 - 15, characterized in that the controllable 
switching means comprise a first series circuit of a 
first and a second switching transistor in the form of 
a first so-called half-bridge circuit, and a series cir- 
cuit of a third and a fourth switching transistor in the 
form of a second so-called half-bridge circuit, which 
first and second half-bridge circuits are connected 
as a so-called full-bridge or H-bridge circuit and the 
output signal of the full-bridge or H-bridge circuit is 
generated at the junction of the first and the second 
switching transistor and the junction of the third and 
the fourth switching transistor. 



20. An amplifier circuit according to claim 19, charac- 
terized in that the hysteresis control circuit is con- 
trolled by means of a control signal comprising a 

20 differential term and a common term, wherein the 
differential term controls the desired phase differ- 
ence between said first and said second amplifier 
circuit and the common term controls the average 
switching frequency of said first and said second 

25 amplifier circuit. 

21. An amplifier circuit according to claim 17, 18, 19 or 
20, characterized in that the filter means for filter- 
ing the block wave signal of the full-bridge or H- 

30 bridge circuit comprise a self-inductance built up of 
an essentially 8-shaped core having a first and a 
second outer leg, each provided with a winding, and 
a central leg, which central leg has a higher mag- 
netic resistance than the two outer legs, wherein the 

35 winding on the first outer leg is connected to the 
junction of the first and the second switching tran- 
sistor and the winding on the second outer leg is 
connected to the junction of the third and the fourth 
switching transistor, in such a manner that an in- 

40 phase or common mode signal from the bridge cir- 
cuit generates a magnetic field in the two outer legs 
of the core and in that a reverse phase signal from 
the bridge circuit generates a magnetic field through 
the central leg. 

45 

22. An amplifier circuit according to claim 21, charac- 
terized in that the ends of the windings which are 
not connected to the bridge circuit are each con- 
nected to the signal earth via a parallel circuit con- 
so sisting of a capacitor and a series connected capac- 
itor and resistor, that one or more capacitors are 
connected between said ends, which capacitors 
form the capacitance of the filter means, and that a 
current measuring branch is connected between 

55 said two ends, which current measuring branch 
consists of a first series circuit of a resistor and a 
capacitor and a second series circuit of a resistor 
and a capacitor for providing a filter capacitance 
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zier-Einrichtung aufweist. 

5. Verstarkerschaltung nach einem oder mehreren der 
vorangehenden Anspruche, 

5 dadurch gekennzeichnet, dass die Einrichtung 

zum Vorsehen des Filterkapazitat-Stroms einen 
Stromtransformator umfasst, der mit der Filterkapa- 
zitat oder mit einem Teil daraus in Serie geschaltet 
ist. 

10 

6. Verstarkerschaltung nach Anspruch 5, 
dadurch gekennzeichnet, dass der Stromtrans- 
formator aus einem Kern mit einem darum gewik- 
kelten Koaxiaikabel aufgebaut ist, dessen ein Letter 

15 mit der Filterkapazitat in Serie geschaltet ist, wah- 
rend ein Filterkapazitatsstrom, der zu dem durch 
die Filterkapazitat wahrend des Betriebs flieUenden 
Strom proportional ist, in einem anderen Letter des 
Koaxialkabels erzeugt ist. 

20 

7. Verstarkerschaltung nach Anspruch 6, 
dadurch gekennzeichnet, dass das Koaxiaikabel 
einen Innenleiter und einen den Innenleiter umge- 
benden Auftenleiter umfasst, wobei der Innenleiter 

25 mit der Filterkapazitat Oder mit einem Teil daraus in 
Serie geschaltet ist. 



current proportional to the current through the filter 
capacitance. 

23. An audio amplifier comprising an amplifier circuit 
according to one or more of the preceding claims. 

24. A power amplifier comprising an amplifier circuit ac- 
cording to one or more of the claims 1 - 22. 



PatentansprUche 

1. Verstarkerschaltung zum Verstarken elektrischer 
Signale, aufweisend 

eine steuerbare Schalteinrichtung zum Generieren 
eines Rechteck-Wellensignals; dessen Amplitude 
wahrend des Betriebs zwischen ersten und zweiten 
eingespeisten Spannungswerten variiert, 
eine Filtereinrichtung zum Filtern des Rechteck- 
Wellensignals, um ein Ausgangssignai zu erzeu- 
gen, wobei die Filtereinrichtung eine Eigenindukti- 
vitat und eine Kapazitat umfasst, eine Vorrichtung 
zum Vorsehen eines Filterkapazitat-Stroms propor- 
tional zu dem Strom durch die Filterkapazitat, 
eine Modulationseinrichtung zur pulsweiten Modu- 
lation des Rechteck-Wellensignals durch Ansteu- 
em der Schalteinrichtung in Antwort auf ein zu ver- 
starkendes Eingangssignal, 
und eine Korrektureinrichtung zum Vorsehen eines 
Korrektursignals zum Steuem der Modulationsein- 
richtung, welches Korrektursignal aus einem Refe- 
renzwert hervorgeht, der von dem Eingangssignal 
und einem proportional zu dem Ausgangssignai ge- 
gebenen Ausgangs-Signalwert stammt, 
gekennzeichnet durch eine Einrichtung zum Ab- 
leiten eines Referenzstroms aus dem Eingangssi- 
gnal, wobei die Korrektureinrichtung angeordnet 
ist, um das Korrektursignal als ein Strom-Korrektur- 
signal von dem Referenzstrom und von dem Filter- 
kapazitats-Strom vorzusehen. 

2. Verstarkerschaltung nach Anspruch 1 , 
dadurch gekennzeichnet, dass die Einrichtung 
zum Vorsehen des Filterkapazitat-Stroms konfigu- 
riert ist, um eine Bandbreite in der Gro&enordnung 
der funffachen Signalbandbreite der Verstarker- 
schaltung oder hoher zu umfassen. 

3. Verstarkerschaltung nach Anspruch 2, 
dadurch gekennzeichnet, dass die Einrichtung 
zum Vorsehen des Filterkapazitat-Stroms eine 
Bandbreite in der Grolienordnung von 2 MHz oder 
hoher umfasst. 

4. Verstarkerschaltung nach einem oder mehreren der 
vorangehenden Anspruche, 

dadurch gekennzeichnet, dass die Einrichtung 
zum Vorsehen des Referenzstroms eine Differen- 



8. Verstarkerschaltung nach Anspruch 5, 6 oder 7, 
dadurch gekennzeichnet, dass der Kem ringfor- 

30 mig ist. 

9. Verstarkerschaltung nach einem oder mehreren der 
vorangehenden Anspruche, 

dadurch gekennzeichnet, dass die Korrekturein- 
35 richtung ferner zum Vorsehen des Korrektursignals 
als ein Strom- und ein Spannungskorrektursignal 
zum Steuern der Modulationseinrichtung aus einer 
Referenzspannung angeordnet ist, die aus der Ein- 
gangssignal spannung und einem zu der Ausgangs- 
40 signalspannung proportionalen Ausgangsspan- 
nungs-Signal abstammt. 

10. Verstarkerschaltung nach Anspruch 9, 
dadurch gekennzeichnet, dass die Korrekturein- 

45 richtung 

einen ersten Differenzierkreis zum Vorsehen eines 
ersten DifFerenzsignals von der Referenzspannung 
und dem Ausgangsspannungs-Signal, 
einen zweiten Differenzierkreis zum Vorsehen ei- 
50 nes zweiten DifFerenzsignals von dem Referenz- 
strom und dem Filterkapazitats-Strom, 
einen Proportional (P)- oder Proportional-Integrati- 
ons (PI)- Steuerkreis mit einem Eingang fur das er- 
ste Differenzsignal, 
55 einen Steuerkreis mit einem Eingang zum Verarbei- 
ten des zweiten Differenzsignals mit einem Faktor 
(D) und 

einen Summenkreis zum Summieren eines Aus- 



40 



10. 

45 



50 
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gangssignals des P- Oder Pl-Steuerkreises und ei- 
nes Ausgangssignals des D-Steuerschaltung zum 
Steuern der Modulationseinrichtung aufweist. 

1 1 . Verstarkerschaltung nach einem Oder mehreren der 
Anspruche 1, 2 Oder 3 

gekennzeichnet durch eine Einrichtung zum Vor- 
sehen eines Filtereigehinduktionsstromes, der pro- 
portional zu dem Strom durch die Filtereigeninduk- 
tion ist, 

eine Vorrichtung zum Vorsehen eines zu dem Aus- 
gangssignalstrom proportionaien Ausgangsstrom- 
signals, wobei die Korrektureinrichtung einen er- 
sten Differenzialkreis zum Vorsehen eines ersten 
Differenziersignals von dem Referenzstrom und 
dem Ausgangsstromsignai, 

einen Steuerkreis mit einem Eingang fur das erste 
Differenzierstgnal und einen Eingang fur ein zu der 
Ausgangssignalspannung proportionates Aus- 
gangsspannungssignal und 
einen Summierkreis zum Summieren eines Aus- 
gangssignals des Steuerkreises und eines Strom- 
wertes aufweist, der proportional zu dem Filterei- 
geninduktions-Strom ist, um die Modulationsein- 
richtung zu steuern. 

1 2. Verstarkerschaltung nach einem oder mehreren der 
vorangehenden Anspruche, 
dadurch gekennzeichnet, dass die Modulations- 
einrichtung eine Hysterese-Steuerschaltung um- 
fasst. 

13. Verstarkerschaltung nach Anspruch 12, 
dadurch gekennzeichnet, dass die Hysterese- 
Steuerschaltung ein steuerbares HystereseFenster 
aufweist, und einen Steuereingang zum Steuern 
des Hysterese-Fensters umfasst. 

14. Steuerschaltung nach einem oder mehreren der 
vorangehenden Anspruche, gekennzeichnet <o 
durch einen Eingangsfilter zum Begrenzen der 
Bandbreite des Eingangssignals, um davon den 
Referenzstrom, und falls anwendbar, die Referenz- 
spannung abzuleiten. 

45 

15. Verstarkerschaltung nach Anspruch 14, in Abhan- 
gigkeit von Anspruch 4, 

dadurch gekennzeichnet, dass die Differenzier- 
Einrichtung und die Filtereinrichtung in einem 
Schaltkreis kombiniert sind, der so 
einen ersten Differenzialverstarker mit einem Ein- 
gang zum Eingeben des Eingangssignals der Ver- 
starkerschaltung und mit einem Ausgang, an dem 
ein Tiefpassfilter angeschlossen ist, 
einen zweiten Differenzialverstarker, der in Kaska- 55 
denform mit dem Tiefpassfilter als ein Integrator an- 
geschlossen ist, der einen Ausgang zum Liefem der 
Referenzspannung hat, und 



einen dritten Differenzialverstarker, der an den Tief- 
passfilter angeschlossen ist, um den Referenz- 
strom vorzusehen. 

5 16. Verstarkerschaltung nach einem oder mehreren der 
vorangehenden Anspruche, 
dadurch gekennzeichnet, dass die steuerbare 
Schalteinrichtung einen Serienschaltkreis aus ei- 
nem ersten und einem zweiten Schalttransistor in 
10 der Form einer sogenannten Halbbriicken-Schal- 
tung umfasst, wobei das Ausgangssignal der Bruk- 
kenschaltuhg an der Verbindung des ersten und 
des zweiten Schalttransistors erzeugt ist. 

15 17. Verstarkerschaltung nach einem oder mehreren der 
Anspruche 1 bis 15, 

dadurch gekennzeichnet, dass die steuerbare 
Schalteinrichtung 

einen ersten Serienkreis eines ersten und eines 
20 zweiten Schalttransistors in der Form einer soge- 
nannten Halbbruckenschaitung umfasst, und einen 
Serienkreis eines dritten und eines vierten Schalt- 
transistors in der Form einer sogenannten Halb- 
bruckenschaitung, welche erste und zweite Halb- 
25 bruckenschaltung als eine sogenannte Vollbrucke 
oder eine H-Bruckenschaltung zusammen geschal- 
tet sind, und das Ausgangssignal der Vollbruk- 
kenoder der H-Bruckenschaltung an der Verbin- 
dung des ersten und des zweiten Schalttransistors 
30 und an der Verbindung des dritten und des vierten 
Schalttransistors erzeugt ist. 



35 



18. Verstarkerschaltung nach Anspruch 17, wobei die 
erste Halbbruckenschaitung an eine erste Verstar- 
kerschaltung und die zweite Halbbruckenschaitung 
an eine zweite Verstarkerschaltung gemafi einem 
oder mehreren der Anspruche 1 bis 15 angeschlos- 
sen sind, 

dadurch gekennzeichnet, dass der Referenz- 
strom und, fells anwendbar, die Referenzspannung 
an die zweite Verstarkerschaltung in im Vergleich 
mit der ersten Verstarkerschaltung umgekehrter 
Phase gefuhrt wird/werden. 

19. Verstarkerschaltung nach Anspruch 18, in Abhan- 
gigkeit von Anspruch 13, dadurch gekennzeich- 
net, dass fur die erste und die zweite Verstarker- 
schaltung eine gemeinsame Hysterese-Steuer- 
schaltung vorgesehen ist, die ein erstes und ein 
zweites HystereseFenster aufweist. 

20. Verstarkerschaltung nach Anspruch 19, 
dadurch gekennzeichnet, dass die Hysterese- 
Steuerschaltung mittels eines Steuersignals ge- 
steuert ist, das einen Differenzialterm und einen all- 
gemeinen Term umfasst, wobei der Differenzialterm 
die gewunschte Phasendifferenz zwischen der er- 
sten und der zweiten Steuerschaltung steuert und 



27 



EP1 142 106 B1 



28 



der allgemeine Term die durchschnittliche Schalt- 
frequenz der ersten und der zweiten Steuerschal- 
tung steuert. 

21. Steuerschaltung nach Anspruch 17, 18, 19 oder 20, 
dadurch gekennzeichnet, dass die Filtereinrich- 
tung zum Filtern des Rechteck-Wellensignals der 
Vollbrucken- oder H-Bruckenschaltung eine Eigen- 
induktivitat umfasst, die durch einen im Wesentli- 
chen 8-formigen Kern mit einem ersten und einem 
zweiten aufteren Ausleger aufgebaut ist, von denen 
jeder mif einer Windung versehen ist, und mit einem 
zentralen Ausleger, welcher zentrale Ausleger ei- 
nen hoheren magnetischen Widerstand als die bei- 
den anderen Ausleger hat, wobei die Windung an 
dem ersten aufceren Ausleger an der Verbindung 
des ersten und des zweiten Schalttransistors ange- 
schlossen ist, und die Windung des zweiten au Ke- 
ren Auslegers an der Verbindung des dritten und 
des vierten Schalttransistors angeschlossen Ist, 
derart, dass ein Signal in Phase oder ein Gleichtakt- 
Signal von der Bruckenschaltung ein Magnetfeld in 
den zwei aufteren Auslegern des Kerns erzeugt, 
und dass ein umgekehrtes Phasensignal von der 
Bruckenschaltung ein Magnetfeld durch den zen- 
tralen Ausleger erzeugt. 

22. Verstarkerschaltung nach Anspruch 21, 
dadurch gekennzeichnet, dass die Enden der 
Windungen, die nicht an der Bruckenschaltung an- 
geschlossen sind, jeweils uber einen parallelen 
Schaltkreis an der Signal-Erde angeschlossen 
sind, welcher Schaltkreis eine Kapazitat und eine 
mit einem Widerstand in Serie geschaltete Kapazi- 
tat aufweist, 

dass eine oder mehrer Kapazitaten zwischen die- 
sen Enden angeschlossen sind, welche Kapazita- 
ten die Kapazitat der Filtereinrichtung bilden, 
und dass ein Strom-Messabzweig zwischen diesen 
beiden Enden angeschlossen ist, welcher Strom- 
Messabzweig aus einem ersten Serienschaltkreis 
aus einem Widerstand und einer Kapazitat und ei- 
nem zweiten Serienschaltkreis aus einem Wider- 
stand und einer Kapazitat besteht, um einen Filter- 
kapazitats-Strom vorzusehen, der proportional zu 
dem Strom durch die Filterkapazitat ist. 



Revendications 

1. Circuit amplificateur pour amplifier des signaux 
electriques, comprenant des moyens de commuta- 

5 tion controlables pour engendrer un signal d'onde 
de commutation dont I'amplitude varie entre une 
premiere et une deuxieme valeurs de tension d'ali- 
mentation pendant le fonctionnement, des moyens 
de filtrage pour filtrer le dit signal d'onde de com- 

10 mutation de fagon a produire un signal de sortie, les 
dits moyens de filtrage comprenant une auto-induc- 
tance et une capacitance, des moyens de fourniture 
d'un co u rant de capacitance de filtre proportionnel 
au courant a travers la capacitance de filtre, des 

15 moyens de modulation pour une modulation de lar- 
geur d'impulsion du signal d'onde de commutation 
par commande des moyens de commutation en re- 
ponse a un signal d'entree a amplifier, et des 
moyens de correction pour foumir, a partir d'une va- 

20 leur de reference derivee du dit signal d'entree et 
d'une valeur de signal de sortie proportionnelle au 
signal de sortie, un signal de correction afin de com- 
mander les dits moyens de modulation, caracteri- 
se par des moyens de determination d'un courant 

25 de reference a partir du signal d'entree, dans lequel 
les moyens de correction sont prevus pour foumir 
le signal de correction comme un signal de correc- 
tion de courant a partir du courant de reference et 
du courant de capacitance de filtre. 

30 

2. Circuit amplificateur selon la revendication 1 , ca- 
racterise en ce que les moyens de fourniture du 
courant de capacitance de filtre sont configures de 
manierea comprendre une largeurde bandede I'or- 

35 dre de cinq fois la largeur de bande de signal du 
circuit amplificateur, ou davantage. 

3. Circuit amplificateur selon la revendication 2, ca- 
racterise en ce que (es moyens de fourniture du 

40 courant de capacitance de filtre comprennent une 
largeur de bande de i'ordre de 2 MHz ou davantage. 

4. Circuit amplificateur selon une ou plusieurs des re- 
vendications pr£c£dentes, caractertse en ce que 

45 les moyens de fourniture du courant de reference 
comprennent des moyens de differentiation. 



23. Audioverstarker, aufweisend eine Verstarkerschai- 
tung gemafJ einem oder mehreren der vorangehen- 
den Anspriiche. 

24. Leistungsverstarker, aufweisend eine Verstarker- 
schaitung gemali einem oder mehreren der An- 
spruche 1 bis 22. 



5. Circuit amplificateur selon une ou plusieurs des re- 
vendications pr£c6dentes, caracteris6 en ce que 
50 les moyens de fourniture du courant de capacitance 
de filtre comprennent un transformateur de courant 
qui est connects en s£rie avec la capacitance de 
filtre ou avec une partie de celle-ci. 

55 6. Circuit amplificateur selon la revendication 5, ca- 
ract6ris6 en ce que le dit transformateur de cou- 
rant est constitu6 d'un noyau sur lequel est enroule 
un cfible coaxial, dont un conducteur est connect6 
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en serie avec la capacitance de filtre, tandis qu'un 
courant de capacitance de filtre proportionnel au 
courant traversant la capacitance de filtre pendant 
ie fonctionnement est engendr6 dans un autre con- 
ducted du dit cdble coaxial. 

7. Circuit amplificateur selon la revendication 6, ca- 
racterise en ce que le dit cdbte coaxial comprend 
un conducteur interieur et un conducteur exterieur 
entourant le dit conducteur interieur, dans lequel le 
conducteur interieur est connecte en s6rie avec la 
capacitance de filtre ou avec une partie de celle-ci. 

8. Circuit amplificateur selon la revendication 5, 6 ou 
7, caracterise en ce que le dit noyau est toroidal. 



mation pour additionner un signal de sortie du cir- 
cuit de commando et une valeur de courant propor- 
tionnelle au courant d'auto-inductance de filtre afin 
de commander les moyens de modulation. 

12. Circuit amplificateur selon une ou plusieurs des re- 
vendications pr6c£dentes, caracterise en ce que 
les dits moyens de modulation comprennent un cir- 
cuit de commande d'hyster^sis. 



10 



9. Circuit amplificateur selon une ou plusieurs des re- 
vendications pr£c6dentes, caracterise en ce que 
les dits moyens de correction sont en outre agenctes 
pour foumir, a partir d'une tension de reference 66- 
riv6e de la tension de signal d'entr6e et d'un signal 
de tension de sortie proportionnel a la tension de 
signal de sortie, le signal de correction comme un 
signal de correction de courant et de tension pour 
commander les moyens de modulation. 

10. Circuit amplificateur selon la revendication 9, ca- 
racterise en ce que les dits moyens de correction 
comprennent un premier circuit differentiel pour 
fournir un premier signal de difference a partir de la 
tension de reference et du signal de tension de sor- 
tie, un deuxieme circuit differentiel pour fournir un 
deuxfeme signal de difference a partir du courant 
de reference et du courant de capacitance de filtre, 
un circuit de commande Proportionnelle (P) ou Pro- 
portionnelle Integrate (PI) comportant une entr6e 
pour le premier signal de difference, un circuit de 
commande comportant une entree pour traitement 
du deuxfeme signal de difference par un facteur (D), 
et un circuit de sommation pour additionner un si- 
gnal de sortie du circuit de commande P ou PI et un 
signal de sortie du circuit de commande D afin de 
commander les moyens de modulation. 

11. Circuit amplificateur selon une ou plusieurs des re- 
vendications 1 , 2 ou 3, caract£ris6 par des moyens 
de foumiture d'un courant d'auto-inductance de fil- 
tre proportionnel au courant traversant I'auto-induc- 
tance de filtre, des moyens de foumiture d'un signal 
de courant de sortie proportionnel au courant de si- 
gnal de sortie, dans lequel les moyens de correction 
comprennent un premier circuit differentiel pour 
fournir un premier signal de difference & partir du 
courant de reference et du signal de courant de sor- 
tie, un circuit de commande comportant une entree 
pour le premier signal de difference et une entree 
pour un signal de tension de sortie proportionnel & 
la tension de signal de sortie, et un circuit de som- 



13. Circuit amplificateur selon la revendication 12, ca- 
racterise en ce que le dit circuit de commande 
d'hyster6sis comprend une fen§tre d'hyster^sis r6- 
glable comportant une entree de commande pour 

15 la commande de la fendtre d'hysteresis. 

14. Circuit amplificateur selon une ou plusieurs des re- 
vendications pr£c6dentes, caracterise par un filtre 
d'entrge pour limiter la largeur de bande du signal 

20 d'entr£e afin d'en d£river le courant de reference et, 
si applicable, la tension de reference. 

15. Circuit amplificateur selon la revendication 14, lors- 
qu'elle depend de la revendication 4, caracterise 

25 en ce que les moyens de differentiation et les 
moyens de filtrage sont combines en un m§me cir- 
cuit comprenant un premier amplificateur differen- 
tiel qui comporte une entree pour connexion du si- 
gnal d'entree du circuit amplificateur et une sortie a 

30 laqueile un filtre passe-bas est connecte, un 
deuxfeme amplificateur differentiel connecte en 
cascade avec le filtre passe-bas comme un integra- 
tes, qui comporte une sortie pour foumiture de la 
tension de reference, et un troisi&me amplificateur 

35 differentiel connecte au filtre passe-bas pour four- 
niture du courant de reference. 

16. Circuit amplificateur selon une ou plusieurs des re- 
vendications prgctedentes, caracterise en ce que 

40 les moyens de commutation contrdlables compren- 
nent un circuit en serie d'un premier et d'un deuxie- 
me transistors de commutation sous la forme d'un 
dit circuit en demi-pont, dans lequel le signal de sor- 
tie du circuit en pont est engendr6 a la jonction des 

45 premier et deuxieme transistors de commutation. 

17. Circuit amplificateur selon une ou plusieurs des re- 
vendications 1 a 15, caract6ris6 en ce que les 
moyens de commutation contrdlables comprennent 

so un premier circuit en s6rie constitu6 d'un premier et 
d'un deuxfeme transistors de commutation sous la 
forme d'un premier dit circuit en demi-pont, et un 
circuit en s6rie constitu6 d'un troisteme et d'un qua- 
trfeme transistors de commutation sous la forme 
55 d'un deuxieme dit circuit en demi-pont, ces premier 
et deuxteme circuits en demi-pont etant connectes 
comme un dit circuit en pont complet ou en pont en 
H, et ie signal de sortie du circuit en pont complet 
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racterise en ce que les extremites des enroule- 
ments qui ne sont pas connectees au circuit en pont 
sont toutes deux conneptees a la terre de signal via 
un circuit constitue d'un condensateur et en paral- 

5 leie d'un condensateur et d'une resistance connec- 
ts en serie, en ce qu'un ou plusieurs condensa- 
teurs sont connectes entre les dites extremites, ces 
condensateurs constituant la capacitance des 
moyens de filtrage, et en ce qu'une branche de me- 

10 sure de courant est connectee entre les dites deux 
extremites, cette branche de mesure de courant 
consistant en un premier circuit en serie d'une re- 
sistance et d'un condensateur et en un deuxieme 
circuit en serie d'une resistance et d'un condensa- 

15 teur pour fournir un courant de capacitance de filtre 
proportionnel au courant traversant la capacitance 
de filtre. 



ou en pont en H est engendre £ la jonction des pre- 
mier et deuxieme transistors de commutation et a 
la jonction des troisieme et quatrieme transistors de 
commutation. 

18. Circuit amplificateurselon la revendication 17, dans 
lequel le premier circuit en demi-pont est connects 
a un premier circuit amplificateur et le deuxieme cir- 
cuit en demi-pont est connects a un deuxieme cir- 
cuit amplificateurselon une ou plusieurs des reven- 
dications 1 £ 15, ca racterise en ce que le courant 
de reference et, si applicable, la tension de referen- 
ce sont appliques au deuxieme circuit amplificateur 
en phase inverse par rapport au premier circuit am- 
plificateur. 

19. Circuit amplificateur selon la revendication 18, lors- 
qu'elle depend de la revendication 13, caracterise 
en ce qu'un circuit de commande d'hysteresis com- 
mun, comprenant une premiere et une deuxieme 
fenetres d'hysteresis, est prevu pour le premier et 
le deuxieme circuits amplificateurs. 

20. Circuit amplificateur selon (a revendication 19, ca- 
racterise en ce que le circuit de commande d'hys- 
teresis est commande au moyen d'un signal de 
commande comprenant un terme differentiel et un 
terme commun, dans leque! le terme differentiel 
commande la difference de phase desiree entre les 
dits premier et deuxieme circuits amplificateurs, et 
le terme commun commande la frequence de com- 
mutation moyenne des dits premier et deuxieme cir- 
cuits amplificateurs. 

21. Circuit amplificateurselon la revendication 17, 18, 
19 ou 20, caracterise en ce que les moyens de 
filtrage pour filtrer le signal d'onde de commutation 
du circuit en pont complet ou en pont en H com- 
prennent une auto-inductance constituee d'un 
noyau sensiblement en forme de 8 ayant une pre- 
miere et une deuxieme branches exterieures com- 
portant chacune un enroulement, et une branche 
centrale, cette branche centrale ayant une resistan- 
ce magnetique plus grande que les deux branches 
exterieures, dans, lequel I'enroulement sur la pre- 
miere branche exterieure est connecte £ la jonction 
des premier et deuxieme transistors de commuta- 
tion, et I'enroulement sur la deuxieme branche ex- 
terieure est connecte £ la jonction des troisieme et 
quatrieme transistors de commutation, d'une ma- 
niere telle qu'un signal de mode en phase ou com- 
mun venant du circuit de pont engendre un champ 
magnetique dans les deux branches exterieures du 
noyau, et en ce qu'un signal de phase inverse ve- 
nant du circuit de pont engendre un champ magne- 
tique £ travers la branche centrale. 



23. Amplificateur audio comprenant un circuit amplifi- 
20 cateur selon une ou plusieurs des revendications 

precedentes. 

24. Amplificateur de puissance comprenant un circuit 
amplificateur selon une ou plusieurs des revendica- 

25 tions 1 a 22. 
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22. Circuit amplificateur selon la revendication 21 , ca- 
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